INTRODUCTION
In paper 1 , the general properties and the local time of occurrence of the different forms of auroral-zone energetic electron precipitation were reviewed, and a detailed discussion of the 5-to 35-sec modulated electron precipitation was presented. The purpose of this paper is to associate a particular type of auroral-zone geomagnetic micropulsation with each form of electron precipitation. Previously, Campbell [1961 Campbell [ , 1964 and Campbell and Matsushita [1962] have shown that X-ray bremsstrahlung, cosmic noise absorption, auroral fluctuations, and irregular micropulsations were closely associated with the occurrence of a negative bay. Recently, Parks et al. [1966] have shown a detailed correlation between the occurrence of electron microbursts and 10-sec micropulsations at two stations separated by three hours in longitude. Milton et al. [1967] demonstrated that magnetic impulses were also associated with electron microbursts around local noon. Wilhelm [1967] has shown a general relationship between the occurrence of intense Xray fluxes and irregular micropulsation activity. Ullaland et al. [1967] have discussed large-scale coherent pulsating electron precipitation events of 65-to 100-sec period and noted that they occurred in conjunction with geomagnetic micropulsations of comparable period. In September 1966, simultaneous measurements of micropulsations and bremsstrahlung X rays were carried out at Flin Flon, Manitoba, Canada (L --5.8). With these data it is now possible to make a direct comparison of the temporal structure of micropulsations and energetic electron precipitation and to investigate the local-time characteristics of these two phenomena. After a brief description of the instrumentation and the methods of data analysis, the results of the temporal correlation of micropulsations and energetic electron precipitation are presented. Since local time is of fundamental importance in determining the characteristics of these two phenomena, the results summarized below have been organized in terms of the local time of occurrence. [1967] have presented a new type of premidnight micropulsation. The energetic electron precipitation is usually featureless, and no correlation with any of these three micropulsation phenomena has been observed.
In the above and throughout the rest of this paper the various types of micropulsations have been identified by terminology taken from the literature. Whenever possible, however, we have used descriptive terms rather than the more formal IAGA conventions to emphasize the physical nature of the micropulsations and their relations to electron precipitation.
It will be shown in paper 3 right is a power spectrum derived from these sonagrams. The computer plot of high passed pulsation data shows that the modulated electrons and the micropulsations differ significantly in their gross temporal properties. The X-ray modulation begins suddenly and decays rather rapidly in about 15 minutes. In contrast, the micropulsation amplitude changes slowly, and the entire event lasts over an hour.
The band-limited nature of the micropulsations is again apparent in the power spectrum as a single peak at 7.1 seconds. X-ray modulation also appears limited to a band, peaking near 6.2 seconds. As before, the spectral peaks do not coincide, at least in the high-frequency portion of the spectrum displayed in the sona- Visual examination of the chart records suggests that the micropulsations and X rays are correlated at a period of 26 seconds. The spectra confirm this observation, but they also indicate correlation at 21, 37, and 170 seconds. It should be noted that the micropulsation peak near 40 seconds has fine structure. Furthermore, the main peak at 41 seconds does not appear to be correlated with X rays, but the subsidiary peak at 37 seconds does. Figure 11 . The characteristic rise in frequency can be seen in the computer plot of the digitized data and particularly well in the dynamic spectrum. The power spectrum shows that the maximum amplitude signal has a period of about 7 seconds. Also shown is the power transfer function for the integrated and filtered channel from which the data were digitized. As the channel was set up to measure the lower pearl band, severe spectral distortion is present in the signal. I-Iowever, the essential increasing frequency characteristic of the sweeper is quite apparent.
The fine structure of several discrete intervals of successively 'higher frequency stands out in this event. The visual appearance of the original chart record at times corresponding to. these discrete events is quite suggestive of irregular pearltype activity. I-Iowever, the absence of any periodic fine structure in the sonagram suggests a different mechanism from that of the pearls. These events occur most frequently around 1800 local time. and appear to be closely associated Having demonstrated in papers 1 and 2 that when micropulsation and electron precipitation activity occur at a given local time, they possess the well-defined characteristics described above, it will be shown in paper 3 that these two phenomena generally occur only during auroral substorms.
•DISCUSSION' Ae we have seen above, a perfect agreement of spectral details between micropulsations and modulated energetic electron precipitation does not occur. Owing to the complicated nature of these two phenomena, this fact alone is insufiq- Although the measurements of the micropulsations and electron precipitation were carried out together, there are several experimental limitations in the techniques employed. As has been mentioned, the micropulsation apparatus was sensitive to electromagnetic signals from a 1000-km diameter region, whereas the balloonborne detectors were collimated to view an area with a diameter of 210 km. It was shown in paper I that the region over which modulated electron precipitation was occurring was often of the order of 100-150 km. Consequently, it is possible that modulated electron precipitation might be occurring within the region of sensitivity of the magnetometer and not be detected by the X-ray experiment. It is even possible that several regions of modulated electron precipitation could be present at the same time.
It was noted above that a modulated electron precipitation event had a very rapid onset and that the amplitude of the modulations decayed in about 15 minutes. The associated micropulsation event, on the other hand, usually lasted for over an hour, and had a gradual decay of amplitude. The related short duration of a modulated electron precipitation event and the limited number of oscillations therein make it difficult to obtain stable spectral peaks in a power spectrum analysis. Visual examination of the X-ray data suggests that significant spectral changes are occurring throughout the event. Sequential spectra substantiate this conclusion, showing considerable variation in the position of the peaks from segment to segment. Analysis of concurrent segments of micropulsation data shows greater stability in the position of the peaks. This indicates that the variations in the sequential X-ray spectra are real rather than statistical. The dynamic spectra discussed previously confirm these conclusions. The micropulsation signal appears as a nearly continuous excitation in a narrow frequency band. The modulated electron precipitation spectra consist of various frequencies that are excited at different times and, therefore, do not appear as a continuous excitation. The average spectral characteristics of the micropulsations and modulated electronsprecipitation, however, show that energy is always present in the same frequency band for both phenomena.
After discussing the above considerations, an exact agreement in the spectral peak of the micropulsations and the modulated electron precipitation should probably not be expected. We have shown that when the two phenomena occur simultaneously, significant energy is present in the same frequency band. Our conclusion, then, is that a causal relationship between the micropulsations and the modulated electron precipitation is a definite possibility. Noting the more continuous nature of the micropulsations as opposed to that of the modulated electron precipitation, we feel that in such a causal relationship the micropulsations must be. the more funda- 
